and was deformed to 280'C, but did not melt even at 330''C. It showed the properties of tertiary or quaternary base. Homogenesity of the pure maltoxin was evaluated by the paper chromatography and the paper electrophoresis (2) . The contractile activity on the frog rectus muscle of pure maltoxin was about five times as potent as that of the crude one.
On the frog : Rana nigromaculata nigromaculata H., weighing 15 to 40g was used throughout ti the experiments. Experiments, , in intact frogs and Claude-Bernard's preparations were performed in conventional ways. Maltoxin was administered in saccus thoracis.
On the rectus muscle: The rectus abdominis muscle was excised from the frog and suspended in a bath of 2 c.c. capacity in oxygenated Ringer's solution, and attached to an isotonic lever of sixfold magnification with one gram of tension on the muscle. Contrae tures in 90 sec)nds were recorded on a smoked drum. After each contracture the muscle was repeatedly washed with Ringer's solution for thirty minutes.
Maximal contracture of each muscle preparation was produced by 2 x lO-' acetyl choline chloride, and each test response was presented in per cent of this maximal contrac ture.
On the ner<<e-sartorius preparation : The nerve-sartorius preparation of the frog was con ventionally ob ained and also suspended in a 2 c.c. bath, in oxygenated Ringer's solution.
Supramaximal stimulation of square wave of 2 msec duration was applied alternate ly to the nerve and muscle by a thyratron stimulator. The stimulus frequency was twelve per minute. The indirect stimulation was applied through a pair of silver wires on which the nerve was put. The direct one was applied with another pair of silver wires between which the muscle was held in bathing solution.
Twitch recording was performed in the same way as in the rectus muscle. In some experiments on this preparation slight declines of twitches were observed when the muscle was stimulated over some twenty minutes without renewing the bath solution. This might be due to the small volume of the vessel and to the relatively high stimula tion frequency. So all the observations were limited up to twenty minutes.
Drug application : Crude maltoxin (1), acetylcholine chloride and maltoxin hydrochlo ride (henceforth designated as maltoxin) were used in the present experiments. The stock solutions of both drugs are appropriately diluted with Ringer's solu' ion just prior to the experiments. Drug-Ringer's solu ions were added to the bath as quickly as possible . The volume of the added solu' ions was less than 0.2 c.c. Concentrations of drugs were cal culated as the salt form.
The Ringer's solution used was of the following composition : NaCI 0.65%, KC1 0.015 ?o, CaCI, 0.02%, and NaHCO , 0.01'':.
RESULTS

I. General Observations
Paralyzing action on the intact frogs Crude maltoxin at a dose of 0.5-2.0 mg/10 g body weight that was injected in saccus thoracis, produced respiratory suppression immediately after application (1-2 min), and paralyses of forelegs and hindlegs successively.
1 mg/10 g body weight of maltoxin was sufficient to produce a complete paralysis about twenty minutes after administration and frogs became rather flaccid. At the smaller doses depression of reflex movement to mechanical stimulation was observed but the complete paralysis was not achieved. On the other hand, respiratory suppression was clearly ob served. Even when the paralysis was almost completed reflexes of the brain, e.g., righting reflex, corneal reflex, and other reflexes to sensory stimuli still remained.
The poisoned frogs recovered from the incomplete paralysis in less than one hour. In the cases of complete depression, most of the frogs were found to recover after twenty four hours.
The poisoned frogs showed miosis in the earlier stage and mydriasis later in paralysis.
In some cases fibrillations occurred. The symptoms of maltoxin poisoning seemed to proceed rather swiftly.
Experiments on Claude-Bernard's preparation A dose of crude maltoxin similar to that used in the foregoing section (1 mg/10 g body weight) administered in the same way was found to produce paralysis in non-ligated leg after about thirty minutes leaving another ligated leg but not affected. The gastrocnemius muscle of the non-ligated leg, however, responded to direct stimulation. These observa tions might be considered to show that maltoxin has a peripheral paralyzing ac' ion, and further suggest the action to be on the neuromuscular junction.
If. Experiments _on the Isolated Frog Skeletal Muscles 1. Blocking effect on the nerve-sartorius preparation
The peripheral paralyzing ac! ion of maltoxin was examined on the nerve-sartorius preparations at a concentration ranged from 1 x 10'6 to 2 x 10-'. maltoxin blocked the nerve stimulation at a concentration of 2 x 10-6 or more. 1 x 10-' maltoxin rendered indirect stimulation ineffective in less than three minutes after application (Fig. 1) .
The height of twitches of the directly stimulated muscle were also depressed to some fifty-five per cent initial height. This depression was mostly relieved in about fifteen minutes in the continued presence of the drug in the bath. However, indirect stimula tion remained ineffective throughout. Washing with Ringer's solution rendered the in direct stimulation effective as well, Immediately after the excitation ceased, depressions of both (I) and (D) followed.
A higher concentration of mal_oxin (2 x 10") depressed both (1) and (D) with greater rate and to larger extent. 5 x 10-8 maltoxin was just sufficient to block (1) completely within 10 minutes after application but showed little initial excitatory effect and (D) depression.
The excitatory effect of maltoxin increased in proportion to the concentration, which was more strictly exhibited in the frog rectus as will be described later. However there were some cases in which the initial stimulant effect was less prominent even in higher concentrations of maltoxin. In these cases the (D) depression was achieved only to lesser degree. In summary, the complete (1) block was produced by maltoxin at a concentration of 5 x 10-8 or more, but 1 x 10-' maltoxin had if any, little effcc-. 2 x 10-" maltoxin brought about only partial (I) blcck (Fig. 2) . The time for the complete neuromuscular block shortened as the concentration increased (Fig. 3 ). The blockade due to 2 x 10' maltoxin was attained within a time as short as 2 or 3 minutes. As shown in Fig. 2 , a potent muscle depression was produced by 2 x 10 maltoxin. but 5 x 10-" maltoxin was almost without effect on (D).
Stimulant e/fct on the rectos abdoininis muscle of the f roti
Crude maltoxin has been reported to have a reversible contractile effcc, on the frog rectus muscle (1).
Pure mal:oxin had about five times as potent an effect on the muscle as crude one, and showed almost linear concentration-effect relation to the log concentration ranging from 10-" to 10' (Fig. 4) .
This curve was rather steep and in good accord both in its slope and in concentration range with the concentration-effect relation in blocking action on the sartorius muscle preparation.
DISCUSSION
The paralysis in the frog brought about by crude maltoxin has been shown to be peripheral in nature. The neuromuscular block by maltoxin preceded by a period of excitation in the nerve-sartorius preparation of the frog develops rather swiftly, complete block being attained in less than 7 minutes after application (Fig. 3) . Maltoxin shows potent depressant effect also on the directly stimulated muscles (Fig. 2) . The excitatory effect of maltoxin is demonstrable more cleatly in the rectus muscle. The fibrilla!ion observed in the intact frog when crude maltoxin was administered might be attributed to this stimulatory effect.
The contractile activity on the rectus muscle and the blocking effect on the nerve sartorius preparation have similar concentration-effect relations, that is, both effects are brought about by 2 x 10-'' maltoxin or more, rapidly increasing as the concentration rises, and the maximal effects are obtained at a concentration of 2 x 10-3 (Fig. 2, Fig. 4) . Both of the blockade and the rectus contracture are lessened or diminished by d-tubocurarine (3). These observations may suggest that the neuromuscular block and the rectus contrac ture by maltoxin are both caused by the depolarization in the end-plate region. Furthermore the sequence of maltoxin block is similar to that reported with deca methonium in the isolated lumbrical muscles of the rabbit (4) . Decamethonium also has the initial excitatory effect, the subsequent (1) block and (D) depression of rapid onset, and the muscle depression is relieved in the continued presence of the drug in the bath, as in the case of maltoxin. Recovery from the muscle depression by decamethonium were also presented in the isolated human intercistal muscles (5) . In our present experiments the nerve stimulation, on the other hand, remains ineff;c:ive when the muscle depression is releaved. This maintenance of (I) block ,%-ill be discussed in the subsequent paper.
The depolarizing agents such as nicotine (6) . decamethonium, acetylcholine and suc cinylcholine were reported likewise to show a period of excitation preceding the neuro muscular block in mammalian muscles and to cause contracture in the rectus muscle of the frog (7-9). They were also shown to have a depressant effect on a variety of muscles (4, 5, (10) (11) (12) (13) (14) (15) . These similarities of the ac ion of maltoxin to that of depolarizing agents may suggest that the nature of the neuromuscular blocking action of maltoxin differs from that of d-tubocurarine and rather resembles that of decamethonium-like depolarizing agents. SUMMARY 1. Maltoxin, an amine obtained from brew malt rootlet, exhibited a paralyzing action on the intac. frog. This effect was shown using Claude-Bernard's preparations and the nerve-sartorius preparations of the frog to be due to the block of the neuromuscular junction.
2. 1 x 10 ` pure maltoxin blocked neuromuscular transmission completely about five minutes after application and also decreased the height of twitches of direc ly stimulated muscle to an extent of about fourty-five per cent in the nerve-sartorius preparation of the frog. In the continued presence of the drug in the bath recovery from the muscle depression ,.%-as observed.
3. Relations of the concentration to the depression of the responses of direcily and indirectly stimulated muscles and to the time needed for the complete neuromuscular block were presented.
4. The neuromuscular blocking action of maltoxin was discussed. Maltoxin differs from d-tubocurarine in that there is a period of excitation preceding the neuromuscular block in the nerve-sartorius preparation of the frog. '
